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FIGURE 1 
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FIGURE 7 
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55.0189 

A METHOD AND APPARATUS FOR COMPLETING A WELL FOR 
PRODUCING HYDROCARBONS OR THE LIKE 

The invention relate* to the fidd of petroleum service and supply industries, and more 
particularly to connecting we^ 

While dri2Hng a taking place, the integrity of a well is controlled by a drilling mud of density 
that needs to be adjusted so that the hydraulic pressure of the mud column opposes the leaks 
from the formations while simultaneously avoiding damaging the underground formations by 
fracturing them. When the drilled depth exceeds a certain value, the pressure diSbrcsce due to 
the difference in depth is such that it is no longer possible to {annulate a mud capable of 
performing its function over the entire length of the well, so to prevent coQapse of the wall, h 
U necessary to line the bole with metal casing. For this purpose, a certain number of casing 
tubes are placed end to end and lowered down the well, and ire fixed to the wall of the well by 
cementing Thereafter, drilling can continue down to the next critical depth. 

Each newry-driDed length must be Hned with casing c/ outside tfiameterth^ 
pass through the cajmg that u 

staircase structure with a hole that is large at the top of the well and much narrower at the 
bottom of the well* Such a configuration is far from optimal: a large hole at the surface means 
that drilling time must be wasted in a non-productive zone, whereas a narrow hole in the 
useful zones does not favor production by good draining of the formation. 

Worse stiD, it ofren happens that the hole passes through ur*xpected critical zones even before 
boring has readied & critical depth. Such critical zones may, for example, be veins of very 
friable rock or "pockets* of gas which, even though they are usually very localized, constitute 
major sources of danger both for the well and for the work force on the surface, finder such 
circumstances, the only solution is often to cement these zones by putting casing into place 
HTunecfistery, thereby further reducing the size of the hole, which can lead to a well being 
abandoned if further difficult zones are encountered as drilling continues. 
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It will also be underttood that it is very difficult to repair damaged cuing by instaffing new 
casing, without further aigmficintfy reducing the lire of the hole and thus running the risk of 
preventing penetration of certain toob or items of equipment that may be needed in the 
production zones, for example. 

Over the last few yeara, the industry has developed new techniques of completing well* or of 
oxnplettng them temporarily, so as to mkmnto the number of •step*' and to increase the 
downhole diameter of the wdL 

Proposals have thus been made to use a coinpoaite material comprising an expandab l e doth 
made of tfass fibers impregnated with nc^ryroerbed epoxy resin and having i rutber 
nambranccovxrii^ 

appropriate laying tool, the membrane is appfied against the waB of the hole or a damaged 
portion of casing, and the resin h caused to p<>rymerire by being heated- The main difficulty of 
that technique is that H requires electrical power of the order of 1000 watts per linear meter. 
thislin^iUapplkati^ 

of synthetic material cannot <*«titute a final replacement for metal casing since that needs to 
be capable, m particular, of wkhstaixfiiig treatment based on strong acids or other materials 
that are particularly corrosive. 

US Patent 5 348 095 proposes inaking casing out of a conbnuous tube of ductile rnaterial 

capable of withstaiKfing Urge amounts of plastic cybernation. The tube is enlarged by a 

conical tool, and it can optionally be cemented. However, expansion of the tube is 

acwmpaiu^byareductk^ 

problems at the ends. Furthennore, the presw 

US Patent $ i€6 012 proposes a perforated finer provided with overlapping longitudinal ateta. 
A mandrel having a large diameter that is greater than the inside diameter of the perforated 
finer is used to expand the waB of the finer and the orifices become larger. Fuwehrforced 
cemerrt can then be cast™ 
the finer is bored again, hereby leaving a easily 

reuifbrccmaL The need for wither boring after cementing constitutes a major drawback of 
that technique. In addition, in the abewnentioued case, the pressures required for expanding 
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the tube are quite high and the final length of the finer b reduced Finally, the slots must be 
pierced in compliance with very precise specification!* which leads to a manufacturing cost 
that is high. 

An object of the present invention is a novel type of expandable casing that does not present 
the above^iuamoaed drawbacks of the art 

According to the mvtntioo, this object is achieved by a finer for n o mplrtln g ■ hole in an 
underground formation, the liner being consti t u t ed by a spii at -wound atrip of spiral cross- 
section, its longitudinal edges having complementary touching profiles such that after 
expansion the liner is circular in section. 

To complete a weD, the spiral tube is lowered to the bottom of the hole and its walls are 
spread by means of a placement tool, eg. a conical tool, so as to place the longitudinal edge in 
a touching position where they form a cylinder. A dosed continuous liner is thus obtained 
which can be cemented in conventional manner without the cement invading the inside of the 
liner, and thus without there being any need to bore inside the casing. It should be observed 
that the spirsi-wound casing of the invention U particularly adapted to consenting wdls thai are 
horizontal or mulnMaterai, given its small diameter m its contracted state which lends itself 
weft to being installed in narrow wells or m wells of trajectory that impedes the lowering of 
traditional casing segments. 

The finer of the invention b also weD adapted to provisionally completing problem zones. In 
any event the hole may optionally be enlarged in the difficult zone and a spiral finer whose 
diameter after expansion is dose to the diameter of the how before enlargement may then be 
put into place and cemented. Thereafter, drilling can continue and the entire column, including 
the zone that has already been completed, b subsequently completed in ccwcrtional manner. 

Tbe spiral casing of the imrntion cm also be used for repairing casing that has been damaged, 
since the outside diameter of the spual casing after expansion can be select 
very slightly less the mside diameter 

The spiral-wound strip preferably has c hamf er e d longitudinal edges that define contact 
surfaces whose general direction lies in a plane which forms a non-zero angle relative to the 
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locigjtudiaa] axis of the finer. Also prrfb^, the looptudin^ 
to provide mechanical engagement tl a predetermined diameter. 

In a more particularly preferred variant of the invention, the liner b obtained by rolling up a 
itrip about an ax» that bat a certain atrip. Under 

W ch drcumataiices. vHien tte 

hefix around the cylinder. If the period of the hefix b appropriately chosen, then a geometrical 
figure b obtained whoac lengjth b n 

Tt*Enaofthcmventk»ctt 

coiled tubing. In order to complete sections that are of great length, it b possible to weld 

together a phiraltycJ'aheet* 

using the coiled tubing technic or ebc cfircctry on Hte. 

The finer of the invention can be made of metal, e.g. steel or any other material having the 
desired degrees of elasticity 

U aekcted. and providing H has not been cemented, then the iner of the invention can 
optional be removed, to 

Other detaOs and advantageous characteriatica of the invention appear from the following 
description given with reference tou^8gurea,mvAich: 

• Figure l b a diagrammatic view of a first embodiment of a hw of 

after expansion, shown in perspective (Figures la and lb) and in end view (Figures la' and 
W); 

• Figure 2 showa an expansion tool; 

Figure3 shows an exainplerf 
3d) and shows various profiles for such toothed edges; 

• Figure4 b a|>erspcctive viewrf 
with toothed sections; 
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" Figure 5 shows a finer of the invention hiving longitudinal edges constituting a double hefix, 
seen in perspective in the contacted state (Figure Si), after expansion (Figure 5b), and in 
longitudinal loction (Figure 5c); 

- Figure 6 shows an example of temporary completion using a finer of the invention; 

- Figure 7 show* a typical sequence for completion oft production zone; and 

•Figures aho^vt a variantof afiner of tte 
screen. 

The concept of the invention is shown m Figure 1. A strip, e.g. a metal strip, is spiral-wound 
(Figures la and la*) with overlap over an angle A. After expansion, the liner is circular in 
section and its longitudinal edges come into contact to constitute a cl o sed peripheral surface. 

If the winding follows an Archimedes' spiral, then writing e. for the thickness of the strip and 
Dc for the pseudo-diameter of the spiral-wound strip in the contracted state* the value De of 
the diameter after expansion is given by the following equation: 



where K the overlap angle, is expressed in radians, and where the lengths De, Dc, and e. are 
expressed in the same units. 

With an overlap of 90* as shown in Figure 1 a, a liner having an outside diameter De of 17.8 
cm (7") and a thickness £ of 9 J mm (3/8 of an inch) b contracted to a diameter Dc of 14.9 cm 
(5.86"). For an overlap of ISO*, the expansion is dose to 50%. 

By way of example, the tool for expanding the finer of the invention can be constituted by a 
double cone assembly as shown magrarnrnsticafly in Figure 2, having a first end 10 suitable for 
bemgfixed to theend of acxnled tube or of a string of rod% and a second end 11 of diameter 
gmflar to that of the spiral- wound liner in the contracted state, thereby enabling the spiral- 
wound finer to be pushed to the zone which is to be completed. The expansion tool also 
includes an enlarged zone 12 of outside diameter dote to the inside diameter of the liner after 
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it has been expanded The enlarged none 12 is jaefcrably capable ctf^^ retracted at to m 
part by remote coatrol means such u hydraulic pressure, mechanical means, or a combination 
of men means as b ©onvnnional for placement tools ss used in wells. 

In the variant of the invention mown in Figure 3, the eoinplcroeiiiaiy loi«iludn»I edges ate 
given teeth ao as to form a mechanical lock. As can be seen inore particular* m Figures 3a to 
3d, a toothed edge, in this case an edge having three teeth, can provide effective engagement 

ft may also be observed mat the longitOifinal edges have a contact area feeing in a general 
direction D at e oomho angle retaiveto the nonnsl to the k»«itadinalaxUofthefiner. An 
angle of about 45*. and more generally lying in the range 30" to «©• a geoeraBy |«fined. 

Other variant toothed profiles ire shown in Figure 3 e. The number of teeth can be increased, 
or on the cenoaiy, decreased, and it is possible to select profiles that ere nearer to being 
square so as to achieve engagement that is doser to bong of the tenon and mortise type. In all 
of the examples shown in Figure 3, the toothed edges follow s general direction p at a 
certain angle relative to the normal to the tonghudinal sx» of the laer. The profile selected is 
prcfenfcly such as to ndnhnixe radial fiiction forces that tend to oppose sliding of the two 
complementary portions. As shown in F*ne3e, the elasuc forces Fa and Fb that result firom 
expanding the spiril-wound Ener create ndial friction fbrees Fc and Fd which tend to move 
the edgea apart ThU separatkm force can be « 
shape of the teeth. 

Tie fon» Fa and Fb which assist mlotkfcgtta 

angle A of the finer m the contracted position. Nevertheless, too much overlap also tends to 
increase the radial forces so that a balance must be four* between the de^ coeffldeet of 
expansion and mechanical locking 

The fines is expanded into the mape of a cot* of cfcnaaions that depend essentially on the 
geometry of the spiral-wound Ener and oo its elasticity, and to a smaller extent on the apex 
angle of the conical expansion tool. To final fiicdon nJtees, n may be advaittgecais to selea 
» expansion tool constituted by a cone whose apex angle is dose to thai of the •namreV 
expansion cooe of the spiral-wound finer. 
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As shown more particularly in Figure 4, the axis of the engagement teeth forms tn angle B 
with the ixis of the spiral-wound tube This angle B has an optimum value tying between the 
•natural" expansion cone angle of the finer and zero, however xero is also acceptable. 

Figure 5 ahowt the most particularly preferred variant of the invention m which the Boer is 
obtained by ruling up a atrip about an axis that is at a certain angle relative to the axis of 
symmetry of the atrip. In the contracted position (Figure 5aX the edges form a double fcefix 
around the iner. After expansion (Figure SH the two hefixet coincide and the junction fine 
winds helically around the Boer. 

A particularly advantageous aspect of this geometry Be* in it being possible for expansion to 
be performed without changing the X length of the finer. I£ as shown in Figure 5c, the 
"diameters" of the finer are written Be and Be (where index g corresponds to the finer being fa 
the contracted state and index fi to the iner in the expanded state), and if the periods of the 
hefical curves followed by the longitudiatl edges arc written He and He (where the period of a 
hefix is defined as being the distance measured along the tangitikfoud axis of the liner between 
two oxTespondmg points that are one complete turn apart around the cylinder of mameter Dc 
(or De the case may be)), hxI if tte 

a finer whose total length is X, h can be sl^ that the lcngm L U en^ to: 



and that conseo/tct^, if the tape u rou^ 
X does not vary. 
Wr&rjfcdoubte helix con^ 

finer is of thickness W, then the diameter after expansion is g^ 




A A 
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Fmally, toother consequence of tin* geometry is thai afi pokiu on the sur&ce of tbc finer move 
in a plane rxrpendiculaf to the axis of the finer during the expansion stage. If the ends of the 
double hefix finer ire cut perpenrixaiarly to the longrtucmal axis, then after exptnrion these 
ends wffl define perfect drdes in plane thtt are thernsdvea perpcodicuUr to the longtaidinaJ 
axis of the liner. Tics disposition is pirticuUrly frvonbte for ensuring sealing of the 
completion at the cods of the liner. 

Figures 6 md 7 are highly diagrammatic and show two examples of completion using a spinJ- 
wound finer of the invention, it being understood thai these camples are not Earning in any 
way. 

In the example shown in Figured, the spiral-wound tube b used for completing a zone in 
temporary manner. In a wtfl m waier, the problem 
between trjefracturwggr 

problems associated, for example, with the presence of formations that are highly unstable 
(dayey rock, sands, salts, etc.) in depletion tones, or other probtema that are well known to 
the person sldDed in the an The financial conseouencea of such tones U generally out of all 
proportion to their length amc* antkapated coi^ 
on an extra occasion, thereby reducing the diameter of the hole. 

The well ha* been drilled and cash^ haj been installed m rtt ^ 1. iWnng has then 

continued beneath the casing shoe 2 to pierce a l^^ 

is not cased, prior to reaching a acne 4 of length U which needs to be treated mimediitely 
(Figure 6a). The de«w 

invention, A sfnril-wound finer 5 is pushed towards the bottom of the well by means of a 

double ccnical expand 

rnw on (Figure 6b) so o to apren^ 

diameter (Figure 6c). Once the finer b in place (Figure 6d) the expansion tool is returned to 
the surfice and the finer is cemented ush^ Imer cern^ 

shown here, the finer is provided with openings 8 to allow cement to pass from the inside of 
the liner towarda the annulus 9 which is to be cemented, however it is dear that a < 
shoe could be used. 



09/18/2000 18:23:13 page -14- 



After expansion, the inside diameter of the liner is practically identical to the diameter of the 
hole m zones where there are no drilling problems (where necessary, the hole can be enlarged 
in the zone that requires treatment by means of a reamer). Drilling can then be started again 
without any need to daD through a cemented zone; and the entire well can be completed in 
accordance with the original drilling plan, and without any reduction in the diameter of the 
well 

It is dear that addrtional toots sort 

of the invention. Abo, the Encr is preferably fitted with codpieces made of a material that is 
easily deformed and that is easy to driS (eg. aijminumX thereby guaranteeing that the spiral 
wound Imer is property expanded over its entire length. 

Atypical sequence of using a spiral- wound liner of the invention for completing a section of a 
reservoir is shown in Figure 7. Such an opera ti on may be envisaged, for example, with 
formations that are unstable or sandy. 

The spiral-wound finer of the invention is brought in the contracted state to a non-cased 
section of the reservoir (Figure 7a) and it is then expanded by means of an expansion tool 
(Figures 7b and 7c). Like any other production liner, the finer of the invention is, in this case, 
pierced to allow production fluids to pass therethrough, and as shown in Figures, it is 
preferably covered b a grid which may be fixed thereto, e.g. by being weided to the strip prior 
to spiral winding. The grid is preferably on the outside face of the liner, facing towards the 
walL 

It should be observed that die surface area of the roDed-up strip remains unaltered during 
expansion so web are not weakened by the s 

place and expanded For the same reason, die size and distribution of the openings provided 
for allowing the production fluids to pass can be selected in a manner that is entirely 
independent of the diameters in the contracted state and in the expanded state. This makes it 
possible, in particular, to obtain a liner that is very strong in association with greater stability 
and longer Gfb of the well. 
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1^, horizontal weMspuel-wcundl^ 

csn be placed very close to the formation, even in the upper portico of Ac finer, and that it 
often not the case with a conventional finer that « incapable rfbdngeontneted. 



So long as it has not been cemented, a ipiril-wound tbw can be wWdrawn by mesra of a 
special tool which separates the looghudinsl edge* iom to allow the finer to toll up again and 
return to a state similar to that of ita initial contracted state, ff such withdrawal a expected 
only after severs! months or yean, eare should be tdw to «e a tnaterial that b capable of 
retaining its elastic properties ove* such along period of time. 

Toe geometry of the ipiial-wound finer of the invention U entirely own^ 
production at low cost For example, it is possible to use metal strips (whoe necessaiy strips 
that are welded together) that are pierced in a predefii^ |«denw tg by punches mounted o 
rollers or by a hydraulic press having a punch. The looffbufinal edges are preferably rectified 
continuously to as w give the™. ux>^ 

along one of the loqgmufinal edges before winding into a spiral. Finally, the strip may be 

spiral-wound db^ aiui then coaed. 

lengths. 

In general it is preftrtible to pay out a finer of the mventioBfiom a ledamoetltat to cheaper 
once the section to be completed b long and more reliable aince connections are ootitted. 
Nevertheless, it is equally possible to use finess of fixed length and to perform completion in a 
zone by repeatedly placing and expanding lengths of finer. 
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CLAIMS 



U A finer fix completing t hole in an underground formation, the finer being constituted by t 
spiral-wound strip, its longitudinal edges having complementary touching profiles such that 
after expansion the finer is circular in section. 

2/ A finer according to claim I, characterized in that the longitudinal edges define a contact 

surface of general dbeetkn i> lying in a plane that forms a non-zero angle relative to the 
longitudinal axis of the finer. 

V A finer according to claim 2, characterized in that said angle formed by the general direction 
D of the contact surface lies in the range 30* to 60°. 

4/ A finer according to any preceding claim, characterized in that the touching longitudinal 
edges have a sawtooth profile. 

5/ A liner according to any preceding claim, characterised in that the liner is obtained by 
rolling up a strip about an axis that is at a certain angle relative to the axis of symmetry of the 
strip. 

6/ A liner according to any preceding claim, characterized m that it n provided with openings. 

7/ A finer according to claim 6„ characterized in that it is covered in a grid. 

tl A liner according to claim 7, characterized in that the grid is wdded on 

9/ A method of completing a bole in an underground formation in which a spiral-wound strip 
b lowered down the hole, and the strip ii opened until a circular «ctk» b obtained by means 
of a corneal placement tool for putting the longitudinal edges into a touc ho^g position. 

10/ A method acconfing to claim 4, characterized m that it also includes a cementing 
operation. 

11/ The use of the method acconfing to claims 9 or 10, for temporary completion of zones 
that are depleted or unconsolidated. 
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12/ The use of the method according to claim 9 or 10, for repairing a casing. 

13/ The uk of the method of claim 9 for completing t production zone. 

14/ A tyitem for completing a hole in an underground formation characterized h that it 
includes a finer according to any one of claims 1 to S and an expansion tool suitable for 
Splaying apart the longitudinal edges until they take up a position where they touch each other 
edge-to-edge. 

ty A. tod for whhdrawing a h to ft, the tool cotnprifting 

means fix moving the tagituduia) edges apart by a diameter greater than the diameter 
comprising to a circular section and enabling the finer to shrink so as to return to a spcral- 
wo u ad ooflfigoration of a diameter that is smaD enough to enable the liner to be extracted from 
the well. 
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